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PREFACE
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of Civil Works Iuvestigational Studies Work Unit No.

nologies for Testing and Evaluating Concrete.'

Messrs.

31138, "New Tech-

James A. Rhodes

and Fred Anderson of the Structures Branch, Engineering Division, OCE,

served as Technical Monitors.

The investigation was conducted under the direction of

Mr. Bryant Mather, Chief, SL, and Mr. John Scanlon, Chief, Concrete Tech-

nology Division (CTD), SL.

Messrs. K. L. Saucier, S. A. Ragan, W. B. Lee,

and J. B. Eskridge actively participated in the investigation, and

Mr. Ragan prepared the report.

The Commanders ad Directors of WES during this investigation and

the preparation and publication of this report were COL John L. Cannon,

CE, COL Nelson P. Conover, CE, and COL Tilford C. Creel, CE. Technical

Director was Mr. F. R. Brown.
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CONVERSION FACTORS, INCH-POUND TO METRIC (SI)
UNITS OF MEASUREMENT

Inch-pound units of measurement used in this report can be converted to

metric (SI) units as follows:

P Multiply By To Obtain
- cubic feet 0.02831685 cubic metres
) cubic yards per hour 0.76455486 cubic metres per hour
feet 0.3048 metres
inches 2.54 centimetres
inches 25.4 millimetres
ounces (U. S. fluid) 29.57353 cubic centimetres

pounds (force) per square inch 0.00689476 megapascals
pounds (mass) 0.45359237 kilograms

pounds (mass) per cubic yard 0.59327642 kilograms per cubic metre
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EVALUATION OF TESTS FOR DETERMINING THE PUMPABILITY OF
CONCRETE MIXTURES

PART I: INTRODUCTION

Background

Pumping has been used as a means of transporting freshly mixed

1.
There has been a

concrete in the United States since the early 1930's.
large increase in the quantity of concrete conveyed by pumping since the

mid-1960's primarily due to the development of mobile hydraulic pumps;

the introduction of rubber, plastic, and flexible metal hoses; and the

use of power-assisted booms.

2 The increased acceptance of concrete pumping was accompanied

<

by the realization that normal-weight concrete mixtures suitable for
transporting and placing by conventional methods were not always pumpable

with available equipment. The vailure of a mixture to pump normally

results from either (Parker et al. 1973):

Excessive pumping pressures force excess water to bleed

a.
through the mixture without moving the mass.

The capacity of the pump is exceeded by the combination of
head, pipeline friction, and resistance of the mixture to

internal deformation.
laboratory procedures have been proposed for analyzing and

b.

A number of
comparing the pumpability of concrete mixtures (Parker et al. 1973,

Gray 1962, Best and Lane 1980). Currently, however, evaluation under

actual field conditions is the only accepted method of testing a mixture
for pumpability. A test method which could be performed quickly either
in the laboratory or in the field and which would correctly evaluate the

relative pumpability of a concrete mixture would be of benefit.
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Purpose

3. The purpose of this investigation was to evaluate the effective-
ness and feasibility of the following two currently proposed methods of
determining the pumpability of concrete mixtures:

a. The pressure bleed test.

b. A checklist analysis which examines 10 variables of con-
crete mixtures and their effects on concrete pumpability.

Scope

4. The investigation consisted of a laboratory and a field study.
Fourteen mixtures were analyzed for potential pumpability in the labora-
tory study using both of the proposed procedures and then pumped to de-
termine actual pumpability. The mixtures contained a combination of both
rounded (natural) and angular (crushed) coarse aggregate, natural and
manufactured fine aggregate, mineral admixtures, steel fibers, and a
high~range water-reducing admixture. All laboratory mixtures were air
entrained. The field study consisted of using the proposed methods to
evaluate the pumpability of concrete mixtures which were then pumped for
use at two project locations. One of the mixtures contained a l—l/2—in.*
(38.1-mm) maximum~size rounded coarse aggregate and a natural fine aggre-
gate, while the second contained a 1-1/2-in., (38.1-mm) maximum-size
crushed coarse aggregate and a manufactured fine aggregate. Both of the

field mixtures were air entrained.

A table of factors for converting inch-pound units of measurement to
metric (SI) units is presented on page 3.




PART I1: MATERIALS, MIXTURES, APPARATUS, AND PROCEDURES

Materials

Laboratory study

5. Type I portland cement (RC—728)* was used in the laboratory
study. Table 1 gives the chemical and physical properties of the cement.
~ Natural sand fine aggregate (WES-1 S-4(51)) and natural rounded gravel
coarse aggregate (CRD G-42) from Mississippi were used in seven of the
laboratory mixtures. Crushed limestone fine aggregate (CRD MS-27) and
crushed limestone coarse aggregates (CL-2 G-1 and CRD G-40) from Alabama
were used in the remaining seven laboratory mixtures. The physical prop-
erties and gradings of the aggregates are given in Tables 2 and 3. The
air-entraining admixture (AEA-956) used was a solution of neutralized
Vinsol resin. Other materiais used in the laboratory mixtures included:

a. Pozzolan (fly ash, AD-474); the chemical and physical prop-
erties are presented in Table 4.

| b. A high-range water-reducing admixture consisting of a con-
densation product of melamine and formaldehyde.

¢. A commercially available "pump aid" marketed as a cement
| slurry friction reducer.

! d. Straight steel fibers having nominal dimensions 0.010 by
‘ 0.022 by 1.0 in. (0.25 by 0.56 by 25.4 mm).

Ficld study

6. Morpanza Control Structure Stilling Basin, New Orleans District.

The stilling basin was constructed of concrete containing Type I portland
cement (NO-14 C-3). Natural gravel coarse aggregate (NO-14 G-8) and natu-
ral sand fine aggregate (NO~14 S$-2) from Louisiana were used in the con-
crete mixture. The physical properties and gradings of the aggregates

are given in Table 5. The air-entraining admixture used was a solution

of neutralized Vinsol resin.

7. Clarence Cannon Reservoir, Re-Regulation Dam and Spillway,

St. louis District. This structure was constructed of concrete containing

*
Structures Laboratory materials identification number.




Type Il portland cemenr (STL-43 C-1). The physical and chemical proper-

ties of the cement are given in Table 6. Crushed limestone coarse and
fine aggregates (STL-43 G-1 and STL-43 S-1, respectively) from Missouri
were used in the concrete mixture. The physical properties and gradings
of the aggregates are given in Table 7. The air-entraining admixture
(STL-43 AEA-1) was a solution of neutralized Vinsol resin. A Type B
retarding admixture (STL-43 AD-1} conforming to the requirements of
ASTM C-494 (American Society for Testing and Materials 1980) was also

used in the mixture.

Mixtures

Laboratory study

8. The following 14 concrete mixtures were proportioned in the

laboratory study and used to evaluate the proposed test procedures:

Water-
Cement Air Content,
Ratio Pressure Method
by Cement Content Slump (ASTM C~143)* (ASTM C-231)*
Mixture Mass 1b/yd3  kg/m3 in. mm L %

1 0.55 400 237 7 175 4.5

2 0.53 400 237 5 125 7.5

3 0.46 400 237 3 75 3.0

4 0.53 400 237 3-3/4 95 5.3

5 0.53 400 237 5 125 6.5

6 0.48 650 38¢ 6-3/4 170 3.5

7 0.40 518 307 3 75 4.6

8 0.71 400 237 4 100 4.4

9 0.71 400 237 2-1/4 55 3.5

10 0.71 400 237 3-1/4 80 2.5

11 0.73 400 237 4-1/2 115 3.5

12 0.73 400 237 6-1/4 160 2.5

13 0.50 518%* 307 4-3/4 120 2.7

14 0.43 700 415 3 75 4.5

«x ASTM (1980).

Fly ash, 25 percent by solid volume of cement.

The proportions for each mixture are given in Table 8.




Field study

9. The following two concrete mixtures were used in the field

study to investigate the effectiveness of the two proposed test methods:

Water- Air Content

Cement Pressure

Ratio Slump Method

by Cement Content (ASTM C-143)* (ASTM C-231)%*
Project Mass  1b/yd3  kg/m3 Tn. mm %

Morganza Stilling  0.53 450 267 2 50 5.0
Basin
Clarence Cannon 0.50 662 393 4 100 4.5

Re-Regulating Dam

ASTM (1980).

The proportions for each mixture are given in Table 9.

Apparatus and Procedures

Pressure bleed test

10. The bleed test apparatus used in the investigation was devel-
oped by Browne and Bamforth (1977) and a schematic of it is shown in
Figure 1. It consists of a 5-in,-diam (125-mm) cylinder with a removable
top and base. The top portion ot the device houses a piston which is
attached to the plunger of a double-acting hydraulic jack. The hand-
operated pump which supplies pressure to the jack has a four-way valve
which allows for the movement of the piston in two directions. The base
of the apparatus has a tap inserted into a small bleed hole. This hole
is covered with a No. 50-mesh wire gauze to prevent tap blockages.

11. Concrete is placed into the cylinder in two equal layers, each
of which is lightly tamped. The level of the top layer is brought to
within 1/2 in. (12 mm) of the top of the cylinder, and the top of the
apparatus then attached. The bleed tap is closed and concrete is sub-
jected to a pressure of 500 psi (3.5 MPa) using the hand pump. This value

is defined by Browne and Bamforth as a typical pressure at the pump end
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of an 820-ft (250-m) horizontal line. The bleed tap is then opened and

the volume of water emitted is measured at 10 sec (V10) and 140 sec

Va0
as water emitted. A large value of V

). The difference between the two readings (V VlO) is recorded

140 ~

140 ~ V10 will reportedly result in

a more pumpable mixture having less tendency to bleed. Browne and

Bamforth have established minimum allowable values of V for

140 ~ Y10
various levels of concrete slump. This relationship is shown in Figure 2.
When the emitted water value of a mixture having a particular slump ex-
ceeds the minimum allowable value, the concrete should be pumpable.

Checklist analysis

12. The checklist worksheet prepared by Anderson (1977) and used
in this investigation is shown in Figure 3, The procedure consists of
determining the following individual characteristics of a concrete
mixture:

Coarse aggregate-total aggregate ratio (CA/TA) by solid

volume.

b. Fineness modulus (FM) of fine aggregate (FA).

c. Cumulative percent of fine aggregate finer than the 300-pm
(No. 50) and 150-um (No. 100) sieves.

d. Cement or equivalent fine-fines content.

e. Combined gradation of the coarse and fine aggregates.

g- Slump.

h. Air content.

i. Aggregate saturation (lightweight concrete).

Jj« Aggregate shape.

k. Admixtures.

Analyzed collectively, these characteristics reportedly provide a relative
measure of concrete pumpability. Anderson gives recommeded allowable
variances for the first seven characteristics. If one or more of the
characteristics have values outside of these recommended ranges, the
mixture should be given a pumpability rating of either borderline or

nonpumpable.

10
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PART III: TESTS

Pressure Bleed Test

Laboratory study

13. The 14 mixtures proportioned in the laboratory were used to
study the effects on the pressure bleed test results of various aggregate
types and shapes, cementitious contents, slumps, fine aggregate-to-total-
aggregate ratios, and admixtures.

14. Actual pumping tests were conducted on each mixture following
the performance of the pressure bleed test. Two piston-type pumps were
selected for use based on serviceability. Laboratory pump No. 1 was ap-
proximately 12 years old and in poor general repair. Several of the line
couplings and seals were loosely connected. The rated capacity of the
pump was 40 yd3/hr (31 m3/hr). Laboratory pump No. 2 was new and in good
general repair, and the pump's valves and line couplings fit tightly.

The rated capacity of laboratory pump No, 2 was 60 ydj/hr (46 m3/hr).

A 4-in.-ID (100-mm) line size was used for both pumps. The layout for
laboratory pump No. [ consisted of approximately 82 ft (25 m) of slick
line arranged in an oval pattern so that concrete would be returned to
the pump hopper. Approximately 213 ft (65 m) of slick line and 33 ft
(10 m) of flexible hose were positioned to recirculate concrete back to
the hopper of laboratory pump No. 2.

Field study
15. Morganza Control Structure Stilling Basin. The pressure bleed

test was conducted at the project site while a concrete pumping operation
was in progress. Concrete was pumped approximately 100 ft (30 m) through
a 5-in.-ID (125-mm) slick line using a dual-valve, truck-mounted, piston-
type pump (field pump No. 1). The rated capacity of the pump was 110 yd3/
hr (84 m3/hr). The concrete samples tested were obtained by diverting
truck mixer discharge from the pump hopper into a sample container. Two
pressure bleed tests were conducted.

16. Clarence Cannorn Reservoir, Re-Regulation Dam and Spillway.

The pressure bleed test was conducted at this project site also during

13
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the progress of a concrete pumping operation. A dual-valve, truck-mounted
piston-type pump (field pump No. 2) having a rated capacity of 95 yd3/hr
(73 m3/hr) pumped the concrete through a 5-in.-ID (125-mm) slick line

for approximately 120 ft (37 m). Concrete samples used in the tests were
obtained by interrupting the flow from bottom-dump buckets with a sample
receptacle. Three tests were conducted at the site. Two of these were
performed using unmodified samples. One of the tests was conducted on a
sample which was wet-sieved over a 25.0-mm (l-in.) sieve in order to
evaluate the effects of different maximum aggregate sizes on the bleed

test results.

Checklist Analysis

17. Each of the mixtures investigated in the laboratory and field
studies was evaluated using the checklist analysis. Those mixtures
having 1 or more of the 10 characteristics outside the recommended
range were generally rated as ''borderline” or 'nct good” with respect to

relative pumpability.

14
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PART IV: DISCUSSSION OF TEST RESULTS

Pressure Bleed Test

Laboratory study

18. The results of the pressure bleed and pumping tests conducted
in the laboratory investigation are shown in Table 10. Although each of
the 14 mixtures was not tested in each pump, similar mixtures were evalu-
ated in both pumps and mixture No. 13 was tested in both. Laboratory
pump No. 1 leaked badly and subsequently failed or experienced difficulty
in pumping those mixtures with larger slumps and smaller cementitious
contents (mixtures No. 1, &4, 11, and 12). Mixture No. 5 proved to be
pumpable only after the addition of a pump aid admixture. Each of the
mixtures tested in laboratory pump No. 2 pumped successfully. Although
small amounts of bleed water were noted at some of the couplings, no
stoppages occurred in this pump. Aggregate type had no apparent effect
on the pumpability of any of the mixtures tested in either pump.

19. Figure 4 presents the laboratory results based on the relation-
ship established by Browne and Bamforth (1977). The plotted data indi-
cate that an extension of the pumpability zone, as shown by the dashed
curve in the figure, is necessary for laboratory pump No. 1. Air entrain-
ment in the mixtures tested may be responsible for this extension. The
Browne and Bamforth original zone of pumpability was established from
test results obtained from nonair-entrained concrete mixtures (Saucier
1977). Laboratory pump No. 2 pumped all mixtures tried. fherefore, a
zone of '"monpumpability" could not be defined for laboratory pump No. 2.
These results suggest that the pressure bleed test may accurately evaluate
the relative pumpability of air-entrained concrete mixtures when they are
to be pumped in poorly maintained and leaky pumps.

Field study

20. The pressure bleed test results obtained at both the Morganza
Control Structure and the Clarence Cannon Re-Regulating Dam are presented
in Table 11. No difficulty in pumping the respective concrete mixtures

was experienced by field pump No. 1 (Morganza Control Structure) or field

15
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pump No. 2 (Clarence Cannon Re-Regulating Dam). The field test data are

plotted in Figure 4. A zone of nonpumpability also could not be defined
for field pump No. 1 or field pump No. 2 since both successfully pumped
the respective concrete mixtures. No significant changes in pressure
bleed test results were noted between the unmodified Clarence Cannon
mixture and Clarence Cannon wet-sieved mixture.

21. The values of V V10 generally increased as the air con-

140 ~
tents of both laboratory and field mixtures increased showing that, ac-
cording to the Browne and Bamforth relationship, the use of an air-

entraining admixture enhances the pumpability of a concrete mixture.

Checklist Analysis

Laboratory study

22. The results of the analyses of the mixtures investigated in
the laboratory are given in Table 12. The individual mixture evaluation
sheets are shown in Figures 5-18. Six of the mixtures were rated either
"not good" (NG) or "OK." The remaining eight mixtures were rated "border-
line" (?) because their characteristics taken collectively were neither
highly favorable nor unfavorable. For example, mixtures No. 3, 4, 5, 6,
8, 9, 10, and 11 generally had favorable characteristics for pumping,
but were deficient in cement or fines. The three mixtures which were

rated '

'not good" were deficient in cement and fines, and contained aggre-
gates which fell below the established grading boundary limit. The three
mixtures rated "OK" had only questionable coarse aggregate shape and
grading.
Field study

23. The results of the checklist analyses of the field concrete
mixtures are also given in Table 12, The individual mixture evaluation
sheets are shown in Figures 19 and 20. The Morganza Control Structure
mixture was rated "borderline' due to its apparent deficiency in portland
cement and fines. The Clarence Cannon Re-Regulating Dam mixture was
rated "OK" and was questionable only with respect to aggregate shape and

coarse aggregate grading.




T S e -
MIXTURE NO. 1
(Did Not Pump)
Iy .
IJI/Z"MSA, N_WT, 4" LINE DTA ,
REC
CHARACTERISTIC DESTIRED RANGE actuac| NG| 2 | ok lapgGSTMENT
CA/TA RATIO 50% /LARGER MSA
(BY VOLUME) TO [ MORE RD AGG
65% \LOW FM OF FA 60% X
N. WT4 2.4 - 3.0 2.7
FM OF FA LT. WT. 2.2 -2.8 i — .
50 STEVE _ 15-30% 15 X
| CUM % FA PASSING SIEVE _ 5- ;;;;TI"
CEfENT_OR_EQU b
EONTERTEWIV.  lh70 16 (213 kg) (181 k)
ABOVE BOUNDARY
GRADATION CURVE LIMIT X
7 in.
SLMP 2-6 IN. (5-15 cm) |18 ooy | ¢
AIR CONTENT 6% MAX 457 X
AGGREGATE LT WIH) - MIN OF 724
SATURATION R ASTM ABSORPTION _
ROUNDED OK |CA Natural
AGGREGATE SHAPE  |IRREGULAR _IFA— Natural |—|—|—%
ADMIXTURES AEA «
EVALUATION OF PUMPABILITY X
(19) (25)(38.1) (mm)
100 3/4 1 1-1/2 in.
90 / 2 /
le——————  FINE AGGREGATE  —————+ /// 1
80 /'//
0 W,
yid
60
4
9 ///
=50
® P
g 40 ] pd
™ T
. -
Z 30 L=
S -~ COARSE AGGREGATE ———
e
J///j, -7 ~~——— BOUNDARY LIMIT
10 L= 1/2 1
-
ob=" 12.5 mm) (25 mm)
100 50 30 16 8 4 3/8 3/4 1-1/2 3

(.15) (.30) (.60) (1.18) (2.36) (4.75) (9.50) (19.0) (38.1 (75)
STEVE SIZES U.S. STD
(mm)

Figure 5. Checklist analysis worksheet, mixture No. |
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% PASSING

CUM.,

MIXTURE NO. 2

(Pumped)
m
11111'“51\. N_WT, 4" LINE DIA I
REC
CHARACTERISTIC DESIRED RANGE ACTUAL | NG| 2 | ok IADJUSTMENT
CA/TA RATIO 50% /LARGER MSA
(BY VOLUME) To [ MORE RD AGG
: 65% \LOW FM OF FA | 60% X
N. Wl 4 - 3, 2.7
FM OF FA LT.*VTJ—"‘%T—‘%TQ——"—’L“”—J‘
# SIEVE  15-307 15 X
CUM % FA_PASSING STEVE — 5-107 3 X
CEMENT OR_EQUIV 200" 1b
CONTENT 470 1b (213 kg) (181 koM X
ABOVE BOUNDARY =
GRADATION CURVE LIMIT X
SLIMP 2-6 IN. (5-15 cm) (1%.%"&;& X
AIR CONTENT 6% MAX 769 |y
AGCGREGATE [ST.T WT) ~ MIN OF
SATURATION R ASTM ABSORPTION X
ROUNDED OK {CA X
AGGREGATE SHAPE IRREGULAR FFK""‘_ atura X
ADMIXTURES AEA X
EVALUATION OF PUMPABILITY X
(19) (25)(38.1) (mm)
3/4 1 1-1/2 in.
100 /A’ /[ n
/
90]__ /
] J 72w
— FINE AGGREGATE ———] // .
80 ’
Y
70 /

60 /// !
50 /

40 ]
-~

r/
30 ,///‘ = "
— ' COARSE AGGREGATE ————=
o s
—~~——— BOUNDARY LIMIT
10 ch/:
= 1/2 1
0 12.5 mmy (25 mm)
100 50 30 16 8 4 3/8 3/4 1-1/2 3

(.15) (.30) (.60) (1.18) (2.36) (4.75) (9.50) (19.0) (38.1) (75)
SIEVE SIZES U.S. STD
(mm)

Figure 6. Checklist analysis worksheet, mixture No. 2
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% PASSING

CuM.

MIXTURE NO. 3
(Pumped)

38.1
141/2"M3A. N WT, 4" LINE DIA

-
CHARACTERISTIC DESIRED RANGE ACTUAL| NGJ 2?2 | oK hD§ESTMENT
CA/TA RATIO 50% /LARGER MSA
(BY VOLUME) TO | MORE RD AGG

‘ 65% \LOW _FM OF FA 60% X
N. WT 2.4 - 3.
FM OF FA UTTWTT.‘"“’IT!’:‘%TQ“_“" 2.9 | — X
0 SIEVE _ 15-30% X
| CUM % FA PASSING #%ﬁﬁ§§TEVE‘TjFJIW” X
CEMENT_OR_EQUIV 400 Ib
CONTENT 470 1b (213 kg) 81 kg)l X
ABOVE BOUNDARY
GRADATION CURVE LIMIT X
3 in.
SLUMP 2-6 IN. (5-15 em) k775 ooy
AIR CONTENT 67 MAX 3.0% X
GGREGATE LT WI) = MIN OF
SATURATION R ASTM ABSORPTION e
ROUNDED UK | CA — X
AGGREGATE SHAPE IRREGULAR A Natural X
ADMIXTURES AEA, HRWR X
EVALUATION OF PUMPABILITY X
(13) (25)(38.1) (mm)
100 3/4 1 1-1/2 in.
/ /
90 iy o
}]o————— FINE AGGREGATE  ————+ / /,’/
80 .
// /
70 iV A4
V/
60 /,
50 /
/,/"//
40 <
M//V
30 A,—f’i: —
1////// - COARSE AGGREGATE ————
20 - -~
| ~“~——— BOUNDARY LIMIT
10 ;/7A//<: 1/2 1
-
ob=""] 12.5 mmy (25 mm)
100 50 30 16 8 4 3/8 3/4 1-1/2 3

(1.18) (2.36) (4.75) (9.50) <(19.0) (38.1) (75)
SIEVE SIZES U.S. STD
(rm)

(.15) (.30) (.60)

Figure 7. Checklist analysis worksheet, mixture No. 3




MIXTURE NO. 4
(Did Not Pump)

21

1-]/2" MSA, N WT, 4" LINE DIA
REC
CHARACTERISTIC DESIRED RANGE actuat] o] 2 | ok lapJGSTMENT
CA/TA RATIO 50% /LARGER MSA
(BY VOLUME) TO [ MORE RD AGG
1 : 65% \LOW FM OF FA 50% X
N. WI. 2.4 = 3.0 .
bt FM OF FA LT. W] T -7.8 29— —
¥50 SIEVE _ 15-30% X
| CUM 7% FA PASSING ﬁﬁo““——‘rsmw ~Ta7- —13—40 D 4 N
CEENT_OR_EQUIV 0 1b
EoNTERT UL 470 1b (213 kg) (181 kg)| X
OVE_BOUNDARY
GRADATION CURVE LIMIT X
SLUMP 2-6 IN. (5-15 cm) [fg 4" 0 «
AIR CONTENT 6% MAX 5,137 X
AGGREGATE LT WT) - MIN OF 2%
SATURATION R ASTM ABSORPTION X
ROUNDED OR (CA atural | X
AGGREGATE SHAPE IRREGULAR l‘FK_‘ atura X
ADMIXTURES AEA X
EVALUATION OF PUMPABILITY %
(19) (25) ( 38. 1) (mm)
100 3/4 1 1-1/3ip,
90 / < /
— FINE AGGREGATE  ————= / /‘
80 y,
294
70 /
A
60 '/
2 / %
= 50 A
w
2 / 7
B 40 / v ~
e L A
- 30 / - =
S / L —~ le———— COARSE AGGREGATE
20 A
4 // ~“~——— BOUNDARY LIMIT
] 10 — —
/f/ 1/2 !
0 (12.5 mmd (25 mﬂ
100 S0 30 16 8 4 3/8 3/4 1-1/2 3
(.15)  (.30) (.60) (1.18) (2.36) (4.75) (9.50) (19.0) (38.1)  (75)
SIEVE SIZES U.S. STD
i (mm)
Figure 8. Checklist analysis worksheet, mixture No. &




% PASSING

CUM.,

MIXTURE NO. 5

(Pumped)
) (100 mm)_
F"ijﬁ‘lJml' MIN.
1-14/2" MSA, N WT, 4" LINE DIA
REC
CHARACTERISTIC DESIRED RANGE ACTUAL! NG| 2 | OK @DJUSTMENT

CA/TA RATIO 584 ;ARGER MSA
(BY VOLUME) T ORE RD AGG
65% \LOW FM OF FA 507%

X
N. WTJ 3:4 = 3.9 2,19 X
FM OF FA LT. WI L2~ 2. —
#50 STEVE _ 15-30% 15 X
CUM % FA PASSING 100 SIEVE  5-107Z &0031b X
E'(ENT_OR_E
CEMENTAORLEQUIV 190 1b (213 kg)  [(181 kg)
ABOVE BOUNDARY
GRADATION CURVE LIMIT X
5 in.
SLUMP 2-6 IN. (5-15 cm) k12.5 em <
AIR CONTENT 6% MAX 6.5% X
AGGREGATE T WT) - MIN OF 24
SATURATION R ASTHM ABSORPTION X
ROUNDED OR (CA™
AGGREGATE SHAPE _|1RREGULAR A | Naturd}|—|—|=%-
ADMIXTURES AEA, Pump Aid X
EVALUATION OF PUMPABILITY X
(19) (25) (38.1) (mm)
100 3/6 1 1-1/23in
4 %
90 / ff// /
- FINE A I —— // 1
sl INE AGGREGATE / , V
4
70 Ay /
/
60 P /7
4
50 ] 1/
M pd
40 ] <
— _
30 =
=
,///, ~ le———— COARSE AGGREGATE
20 -
4///// |~ ~——— BOUNDARY LIMIT
10 b
| = 1/2 1
0 12,5 mm) (25 mm) |
100 50 30 16 8 4 3/8 3/4 1-1/2 3

G15) 0 (L30) (.6D)  (1.18) (2.36) (4.75) (9.50) (19.0) (38.1y (7%)
SIEVE SIZES U.S. STD
(ram)

Figure 9. Checklist analvsis worksheet, mixture No. 5
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MIXTURE NO. 6

(Pumped)
(38.1 mm) (100 _mm
1-1/2" MSA, N_WT, 4" LINE DIa
REC
CHARACTERISTIC DESIRED RANGE ACTUAL| NG| ? OK]ADJUSTMENT
CA/TA RATIO 50% /LARGER MSA
(BY VOLUME) TO | MORE RD AGG
65Z \LOW FM OF FA 57% X
N. WTJ 2.4 - 3.0 2.79
FM OF FA UTTW?Y.JA, 2.2 - 2.8 ; — —&
O STEVE _ 15-30%Z | 19 ! | x __
CUM % FA PASSING STEVE -far 65631 3 X s
CE'TENT_OR_EQUIV b I Z70_, 4
CONTENT QuI 470 1b (213 kg) (295 kg) X 27731!EI~6'54
ABOVE_BOUNDARY
GRADATION CURVE LIMIT X
23/4 ind.
SLUMP 2-6 IN. (5-15 cm) ?1%/g 3" X
AIR CONTENT 6% MAX 3.5% ¥
GGREGATE TTWT) = NIN OF 7%
SATURATION R ASTM ABSORPTION X
ROUNDED OR {CA atural
AGGREGATE SHAPE IRREGULAR Ha— Narurar —|— %
ADMIXTURES EA, Steel Fibers X
EVALUATION OF PUMPABILITY X
(19) (25)(38.1) (mm)
100 36 1 1-1/7 iq, 1
/
90 . /e v
}e——————— FINE AGGREGATE = ——————+ / /) /
80 //
70 / />
Vs
60 .
2 %
= 50
w
b7 L~ ~
& 40 -
e e A
. -
Z 30 =
3 1////// — COARSE AGGREGATE ——
20 . o
444{//j' =~ ~—— BOUNDARY LIMIT
10
z 1/2 1
0 (12.5 mn) (25 mm)

100 50 30 16 8 4 3/8 3/4 1-1/2 3
(.15) (.30) (.60 (1.18) (2.36) (4.75) (9.50) <(19.0) (38.1) (75)
SIEVE SIZES U.S. STD
(mm)

Figure 10. Checklist analysis workheet, mixture No. 6
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MIXTURE NO, 7

(Pumped)
mm
1-14/2" MSA, N WT, 4" 1INE DIA
RE
CHARACTERISTIC DESIRED RANGE actuat ] nel 7 | ok ap ThSTMENT

CA/TA RATIO 50% /LARGER MSA
(BY VOLUME) TO | MORE RD AGG
i 65% \LOW FM OF FA | 60% X

N. WTd 2.4 = 3. 2.19 I x
e FM OF FA LT WT. ‘_T*z“ji‘g—— -

750 SIEVE — 15-307 X
CUM % FA PASSING SIEVE  5-10%. “‘%’H s—rj XI°X =7
CEYMENT OR_EQU Y4 518 - =1 ko
CO;‘IJTENT QuIV 470 1b (213 kg) 518 1b. x It 1.b%
OVE BOUNDARY 235 kg)
GRADATION CURVE LIMIT X
3 in,
SLUMP 2-6 IN. (5-15 cm) 7.5 em)
AIR CONTENT 6% MAX 4.6%
ACGREGATE T WI) - MIV OF 2%
SATURATION R ASTM ABSORPTION

AGGREGATE SHAPE IRREGULAR Natural

; ADMIXTURES AEA. Flv Ash
EVALUATION OF PUMPABILITY

X
X
X
ROURDED UR [CA Naturall (| X
Frx"“‘ X
X
X

Q 25) (38,1
100 92 (l )l(—IJZ)gm’)
90 / /
fe——————  FINE AGGREGATE ————™ / ,/ /‘r
! 80
\ s
70 ViV
/
60 4
Q 74
= 50
[72]
2 -
e % /V
5 30 — -
G - COARSE AGGREGATE ————=
20 -~ -
o — r\
o P! BOUNDARY LINIT
A 1/2 1
ok { 12.5 mm) (25 mm
100 50 30 16 8 4 3/8 3/4 1-1/2 3

(.15) (.30) (.60 (1.18) (2.36) (4.75) (9.50) (19.0) (38.1) (75)
SIEVE SI1Z2ES U.S. STD
(mm)

Figure 11. Checklist analysis worksheet, mixture No. 7
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MIXTURE NO. 8

(Pumped)
mm
1-1/2" MSA, N WT, 4" LINE DIA
KEC
CHARACTERISTIC DESIRED RANGE actuaL] NG| 7 | ok lADIUSTMENT
CA/TA RATIO 50% LARgsgn"SA
(BY VOLUME) T0 | MOR AGG
65% \LOW FM OF FA | 58% X '
N. WT. b - 3. o 3.03 X
FM OF FA LT. WT 7 -73 -
[EVE__ 15-30% I8 X
UM % _FA PASSING #%86‘3Ti?i?‘“31I67‘ DO S
CEJEN OR_EQU
ENRTEREUIV 1470 1b (213 kg) (13? oyl x
ABOVE BOUNDARY
GRADATION CURVE LIMIT X
4 1in.
SLUMP 2-6 IN. (5-15 cm) [(10 cm) X
AIR CONTENT 6% MAX 4.4 X
AGGREGATE T WT) — MIN OF 74
SATURATION X gsru ABSORPT ION X
ROUONDED UK (CA
AGGRECATE SHAPE _ |1RREGULAR HFA—— [rusped | < |—*|—
ADMIXTURES AEA X
EVALUATION OF PUMPABILITY ¥
(19)(25) (38.1) (mm)
100 3/4 1 _1-1/2 in.
90 /7
FINE AGGREGATE -——————+ / 4 7
80 1 ; ,‘///
70 / 2
%
60 V4

g /a
) A
2 L~ -
840 T /./
N. 10 ////
>
S ///:/ 7] fe———— COARSE AGCREGATE ———

20 _

10 ‘{,ﬂgr"::?—-—- BOUNDARY LIMIT

= 1/2 1
0 —— (12.'S mm) (25 mm)
100 50 30 16 8 4 3/8 3/4 1-1/2 3

(.15)  (.30) (.60) (1.18) (2.36) (4.75) (9.50) (19.0) (38.1) (75)
SIEVE SIZES U.S. STD
(mm)

Figure 12. Checklist analysis worksheet, mixture No. 8
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% PASSING

CiM,

MIXTURE NO. 9
(Pumped)
38.1
1-4/2" MSA, N WT, 4" LINE DIA I
REC
CHARACTERISTIC DESTIRED RANGE ACTUAL | NG| ? | OK IADJUSTMENT
/
CA/TA RATIO 50% /LARGER MSA
(BY VOLUME) TO | MORE RD AGG
‘ 65% \LOW FM OF FA | 30% X
N. WTJ %.A - g.g 3.03 X
FM OF FA LT. WT 2 = 2. -
#%o SIEVE __ 15-30% X
CUM % FA PASSING SIEVE 8-107 og - X
CE:{ENT_OR_EQUIV
CONTENT O 470 1b (213 kg) 1 kg)
ABOVE BOURDARY hill
GRADATION CURVE LIMIT X
SLMP 2-6 IN. (5-15 cm) zgfébgﬁg' x
AIR CONTENT 6% MAX 3.5% X
AGGREGATE éLT WIJ = MIN OF 2
SATURATION R ASTM ABSORPTION X
) ROONDED OR (CA Crushed X
AGGRECATE SHAPE IRREGULAR PFK“"‘ Crushed! X
ADMIXTURES AEA X
EVALUATION OF PULMPABILITY X
(19)(25)(38.1) (mm)
100 2/2 1_1-1/2 in.
-
%0 L // 4
fo——————  FINE AGGREGATE ~ ————~ /)
80
V /1/
70 /
/
60 P 744
74
50
~
40 e
///’ P
-
30 =
A
— COARSE AGGREGATE
20 ’/’;;,fﬂ
[~~~ ~——- BOUNDARY LIMIT
10 ]
T - } 1/2 1
oF = — 12.5 mm) (25 mm)
100 50 30 16 8 4 3/8 3/4 1-1/2 3

(.15)  (.30) (.60)  (1.18) (2.36) (4.75) (9.50) (19.0) (38.1)  (75)
SIEVE SIZES U.S. STD
(mm)

Figure 13. Checklist analysis worksheet, mixture No. 9
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MIXTURE NO. 10
(Pumped)
(38.1 mm) (100 _mm)
J MIN. [
1-§/2" MSA, N WT, 4" LINE DIA
"REC
CHARACTERISTIC DESIRED RANGE ACTUAL| NG| 2 OK]ADJUSTMENT
CA/TA RATIO 50% LAEGEEDMSA
(BY VOLUME) TO |[MORE RD AGG
65% \LOW FM OF FA 50% X
N. WT 2.4 - 3.0
FM OF FA LT WT| 77 —_2.81 -0 &
- #50 SIEVE _ 15-30% X
| CUM_Z FA PASSING #%66‘§TEVE“‘31I67“ 'Zaégzzr X
CEMENT OR_EQU
EONTERTTWIV 1470 1b (213 k) (181 ke/b X
ABOVE BOUNDARY =
GRADATION CLRVE LIMIT X
B 3-174 1inl.
SLMP 2-6 IN. (5-15 cm) [(8.5 cm) X
AIR CONTENT 6% MAX 2.5% X
GGREGATE TT WI) - WIN OF 24
SATURATION R ASTM ABSORPTION X
ROUNDED OK (CA 3
AGGREGATE SHAPE IRREGULAR I?A rusﬁgﬂ X
ADMIXTURES EA, Pump Aid X
EVALUATION OF PUGMPABILITY X
(19)(25)(38.1) (mm)
100 3/2 1 1-1/2 in.
90 /7
. T FINE AGGREGATE  ——— / L/ 4
i;/'/
70 W/
A4
60 A {/,
2 %
=50
w
‘2 / -~
& 40 / S~
e / P
. ~
2 30 . =
S Kf/’/‘ =——— COARSE AGGREGATE ———
20 e
< BOUNDARY LIMIT
o =
i e 1/2 1
0 L - 12.5 mm) (25 mm
100 50 30 16 8 4 3/8 3/4 1-1/2 3

(.15)  (.30) (.60)  (1.18) (2.36) (4.75) (9.50) (19.0) (38.1)  (75) |
SIEVE SIZES U.S. STD f
(mm)

Figure 14, Checklist analysis worksheet, mixture No. 10
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MIXTURE NO. 11
(Pumped With Difficulty)

38.1 mm
1-1l/2" MSA, N WT, 4" LINE DIA ]

REC
CHARACTERISTIC DESIRED RANGE ACTUAL | NG| ? OKTADJUSTMENT
CA/TA RATIO 50% /LARGER MSA
(BY VOLUME) TO | MORE RD AGG
65% \LOW FM OF FA 50% X
N. WTJ 4 - 3, 3.
FM OF FA L’I'_’WT'{;_—E - 2. 0| — —
0 SIEVE  15-30% 18 X
CUM % FA PASSING SIEVE — 5+ q X
CEMENT OR _EQUIV 400 1b
CONTERT TV la70 1b (213 k@) (18T 5| &
ABOVE_BOUNDARY
GRADATION CURVE LIMIT X
=172 in
SLUMP 2-6 IN. (5-15 cm) {11.5 ¢ X
AIR CONTENT 6% MAX 3.5Y X
AGGREGATE TT WI) - MIN OF 2%
SATURATION R ﬁgm ABSORPTION X
ROONDED OK |CA rushed X
AGGREGATE SHAPE IRREGULAR h-'A—— ﬁﬁa 5 I
ADMIXTURES AEA X
EVALUATION OF PUMPABILITY ¥
(19) (25) (38.1) (mm)
100 3 2 1 1-1/7 in.
90 / // 7
f-——————— FINE AGGREGATE /
80
V /1/
70 /
///
60 7{//
Q 4
= 50
B 40 Z
»e J///’ P
-
2 * / ] COARSE AGGREGATE
“ 20 u—/"‘/A/’ -
T~ ~—— BOUNDARY LIMIT
10 L
|__—1~ 1/2 1
ofF— — 12.5 mm) (25 mm
100 50 30 16 8 4 3/8 3/4 1-1/2 3
(.15)  (.30) (.60)  (1.18) (2.36) (4.75) (9.50) (19.0) (38.1 (75)

SIEVE SIZES U.S. STD
(mm)

Figure 15. Checklist analysis worksheet, mixture No. 11
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% PASSING

CUM.

MIXTURE NO. 12
(Did Not Pump)

(38.1 mm) (100 mm)
,I [} " HIN. 1
1-142"" MSA, N WT, 4" LINE DIA
KEC
CHARACTERISTIC DESIRED RANGE actuar] ne| 2 | ok lapJUSTMENT
CA/TA RATIO 502_/LARGE§DMSAG
(BY VOLUME) TO {MORE RD AGG _
65% \LOW FM OF FA 50% X
N. WT. 2.4 - 3.0 3.03 _X
FM OF FA LT. WT] 7.7 - 2.8 -
#Eo SIEVE _ 15-30% 18 X
CUM % FA PASSING SIEVE _ 5-107_ aooqlb S A NS
CEIENT_OR_EQU
CONTRRT™ T la70 16 (213 k) |(4R) ig)l ¥
GRADATION CURVE LIMIT
6-174 in.
SLUMP 2-6 IN. (5-15 cm) |14 enb? «
AIR CONTENT 6% MAX 2.5% X
ACGREGATE TT WIS - MIN OF 724
SATURATION R ASTM ABSORPTION X |
ROUNDED OR (CA
AGGREGATE SHAPE IRREGULAR ¥FK“‘““'%fﬁ§g§g"_f'JL— —
ADMIXTURES JAEA, Pump Aid X
EVALUATION OF PUMPABILITY X
(19)(25)(38.1) (mm)
100 3/2 1 1-1}2 in.
90 / //
N FINE ACGREGATE ———— / 4
V 71/
70 // /
//4' Y
60 41:
4
50 ——
Ve
40 4 -
//// T
-
30 P
// 1 [+——— COARSE AGGREGATE ——
20 ]
I~ ~——— BOUNDARY LIMIT
10 ,/
il 1/2 1
of — — 12.5 mm) (25 mm
100 50 30 16 8 4 3/8 3/4 1-1/2 3

(.15) (.30) (.60) (1.18) (2.36) (4.75) (9.50) (19.0) (38.1) (75)
SIEVE STIZES U.S. STD
(mm)

Figure 16, Checklist analysis worksheet, mixture No. 12
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MIXTURE NO. 13

el

(Pumped)
(38.1 mm) {100 _mm) _
J] HIN,
1-1/2'"" MSA, N WT, 4" LINE DIA
REC
CHARACTERISTIC DESIRED RANGE ACTUAL| NG| 7 | oK IADJUSTMEN‘I‘
CA/TA RATIO 50% /LARGER MSA
(BY VOLUME) TO | MORE _RD AGG
i 65%Z \LOW FM OF FA 58% X
N, WIJ 2.4 - 3.0 3.03 X
FM OF FA LT. WT T - 7.8 5 - —
#50 SIEVE _ 15-30% _X
| CUM % FA PASSING if‘}b‘ﬁ‘s'm—v‘a 5107 —-8_91—b X STBTIT5
CEXENT OR E ~470_, -4
ENNTERTE VIV 1470 1b (213 kg) (235 ke) X |7 3pEr L 6%
ABOVE_BUUNDARY
GRADATION CURVE LIMIT X
SLIMP 2-6 IN. (5-15 cm) pi1/8 in X
AIR CONTENT 67 MAX 2.4% X
GGREGATE ISL‘I' WI) = MIN OF Z4
SATURATION R ASTM ABSOEXTION X
ROUNDED OK Crushed X .
AGGREGATE SHAPE IRREGULAR lFA Crushed
ADMIXTURES AEA, Fly Ash .
EVALUATION OF PUMPABILITY X
(19)(25)(38.1) (mm
100 3/92 1 1-1/3 in?
/i 7/
90 7
. FINE AGGREGATE /| /
80 A /4
vd
70 /
4
60 V7
A
2 4
z
S os0 e
% /J/ -
& 40 ~
2 ////’/> /V
-~
- 30 =
e ] COARSE AGGREGATE
[&] - H REY. —
20 /’
~-—— BOUNDARY LIMIT
10 ]
,»J 1/2 1
o= (12.5 mm) (25 mm)
100 50 30 16 8 4 3/8 3/4 1-1/2 3
(.15)  (.30) (.60) (1.18) (2.36) (4.75) (9.50) (19.0) (38.1) (75)
SIEVE SIZES U.S. STD
(mm)
Figure 17. Checklist analysis worksheet, mixture No. 13
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‘* P e T
MIXTURE NO. 14
(Pumped)
(38.1 mm) 100 mm
1--1}2" MSA, N WT, 4" LINE DIA
CHARACTERISTIC DESTRED RANGE AcTuAL | 86| 2 | ok [ADJUSTMENT
CA/TA RATIO 50% /LARGER MSA
(BY VOLUME) TO [MORE RD AGG
65% \LOW FM OF FA | 58% X
N, WI. .4 - 3. X
FM OF FA _ LT. WIJ f.z = 3.% —
#50 SIEVE _ 15-30%Z | 18 X
| CUM %_FA PASSING SIEVE ~107_ 700Q1b e 7o
CEfENT_OR_EQUIV - =
CONTERT Y a0 1b (213 kg)  |(3187ke) x| 59T (TA Lo 0%
ABOVE BOUNDARY
GRADATION CURVE LIMIT X
SLUMP 2-6 IN. (5-15 cm) |(3.5%m) X
AIR CONTENT 6% MAX 4.5% X
AGGREGATE LT WI) - MIN OF Z4
SATURATION R ASTM ABSORPTION X
ROUNDED OR |CA
AGGREGATE SHAPE IRREGULAR b [eEushed x| = —
ADMIXTURES AEA
EVALUATION OF PUMPABILITY X
(19)(25)(38,1) (mm
100 372 1 i’-—f % in?
90 1/
7y
FINE AGGREGATE ————— /| /
80 ; ,//
70 / //
7
60 é//
2 P4
= 50
a
=< \//
& 40 1 <
e /./ //
P
£ 30
3 // 7] fe——— COARSE AGGREGATE
e 20 /// i 1
~——— BOUNDARY LIMIT
10 ]
"4 1/2 1
oF=— (12.5 mm) (25 mm
100 50 30 16 8 4 3/8 3/4 1-1/2 3
(.15)  (.30) (.60) (1.18) (2.36) (4.75) (9.50) (19.0) (38.1) (75)
SIEVE SIZES U.S. STD
(mm)
Figure 18. Checklist analysis worksheet, mixture No. 14
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MORGANZA CONTROL STRUCTURE STILLING BASIN

(Pumped)
(38.1 mm) (%%grmml__—_]
1-4/2" MSA, N WT, _s" LINE DIA
REU
CHARACTERISTIC DESIRED RANGE AcTuaL| NG| 2 | oK |ADJUSTMENT
CA/TA RATIO ggz hgggsgbnsg
(BY VOLUME) GG ,
65% \LOW FM OF FA | 557 X
N, WTJ 4 - 3. 2.72_1__ X
FM OF FA LT WT| LI =28
#50 SIEVE 1530 X
CUM_% FA PASSING =TE§E"'?EIEZ":;3f§;' g
CEESRTEREUIY 1470 1b (213 kg) 389 5] x
ABOVE BOUNDARY
GRADATION CURVE LIMIT X
SLIP 2-6 IN. (5-15 cm) k& 3By X
AIR CONTENT 6% MAX 5 0% X
AGGRECATE LT WTy - MIN OF 24
SATURATLON R ASTM ABSORPTION X
ROUNDED UK {CA Natural| X
| AGGREGATE SHAPE __|IRREGULAR _[FA atural X
| ADMIXTURES AEA X
EVALUATION OF PUMPABILITY X
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(mm)

Figure 19. Checklist analysis worksheet, Morganza Control Structure
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CLARENCE CANNON RE-REGULATION DAM
(Pumped)

3 mm
1-142" MSA, N WT, 5" LINE DIA

REC
ACTUAL| NG| ? OK JADJUSTMENT

CHARACTERISTIC DESIRED RANGE
CA/TA RATIO 50% /LARGER MSA
(BY VOLUME) TO | MORE RD AGG
65% \LOW FM OF FA 60% X
N. WIJ 2.4 - 3.0 2.48 X
FM OF FA LT. WT] 7.7 -7.38 ;
¥50 SIEVE _ 15-30% X
CUM % FA PASSING STEVE 1o ‘;g?f;;‘ Xl
CE'{ENT OR _F - -
ESSTERTEUIV 470 1b (213 k) (380 kg) ¢ | 55520 =6.0%
ABOVE BOUNDARY
GRADATION CURVE LIMIT
SLUMP 2-6 IN. (5-15 cm) 10 cm X
AIR CONTENT 6% MAX 4.8% X
AGGRECATE LT WT) = MIN OF 24
SATURATION R ASTM ABSORPTION X
ROUNDED OR (CA ru X
AGGRECATE SHAPE IRREGULAR A rushe X -
ADMIXTURES AEA, Retarder X

EVALUATION OF PUMPABILITY
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100
90 / // ’
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80 A
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70 [l 7 /A
117
/
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© 20 L’
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— -7 1/2 1
ob — — 12.5 mm) (25 mm
100 50 30 16 8 4 3/8 3/4 1-1/2 3
(.15  (.30) (.60) (1.18) (2.36) (4.75) (9.50) (19.0) (38.1) (75)
SIEVE SIZES U.S. STD
(mm)
Figure 20. Checklist analysis worksheet, Clarence Cannon Re-Regulating Dam
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24. The laboratory and field data indicate that the checklist
analysis is conservative in its ability to measure the relative pumpabil-
ity of concrete mixtures. The relative importance of each characteristic
must be considered in order to effectively rate the pumpability of a con-
crete mixture. For example, the amount of fines present in the mixture
appears to be more significant to pumpability than does aggregate shape.
No specific efforts in this investigation were directed toward determin-
ing the relative importance of the individual characteristics. Future

investigations might consider addressing this question.
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PARY V: CONCLUSIONS AND RECOMMENDATIONS

25. 1f a poorly maintained and leaky pump is to be used, the
Browne and Bamforth (1977) pressure bleed test apparatus will indicate
the relative pumpability of various air-entrained concrete mixtures.

26. If a well maintained pump is to be used, the pressure bleed
test apparatus mar not accurately evaluate the pumpability of air-
entrained concrete mixtures. Many mixtures which the pressure bleed
test indicates are borderline or nonpumpable will actually be pumpable.

27. The personnel formulating the concrete mixture proportions,
whether for a contractor mixture design or a government mixture design,
will probably not know the condition of the pump to be used in the
field. Therefore, the pressure bleed test might be most effectively
used to provide a means for field personnel to identify those concrete
mixtures that would present problems for the selected pump.

28. The checklist analysis, although conservative, should be
considered for inclusion in an appropriate Engineer Manual or Engineer

Technical Letter as a guide for developing pumpable concrete mixtures.
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Table 1

Chemical and Physical Properties

of Portland Cement, RC-728

Chemical Properties

S$i0p

Al703

Fe203

Ca0

MgO

503

Ignition loss
Insoluble residue
Na)0

K20

Total alkali, as Najp0
C3S

CyS

C3A

C4AF

Physical Properties

Fineness, air permeability, cmZ/g
Compressive strength, psi (MPa)

3 days

7 days
Autoclave expansion, percent

Initial setting time, hr/min
Final setting time, hr/min

Percent

20.

COOO =t =& W

—
[« MW Na

11.

4090

3540 (24.
4480 (30.
-0.01
2:50
4:40

4)
9




Table 2
Physical Properties and Gradings

of Natural Fine and Coarse Aggregates

No. 4 to 1 in,

Fine (4.75 to 38.1 mm)
Test (WES-1 S-4(51)) (CRD G-42)
Bulk specific gravity,
saturated surface-dry 2.64 2.57
Absorption, % 0.2 1.9

Cumulative Percent Passing

Sieve size

38.1 mm (1-1/2 in.) 100
25.0 mm (1 in.) 96
19.0 mm (3/4 in.) 78
12.5 mm (1/2 in.) 46
9.5 mm (3/8 in.) 29
4.75 mm (No. 4) 98 6
2.36 mm (No. 8) 87
1.18 mm (No. 16) 72
600 pm (No. 30) 46
300 um (No. 50) 15
150 pm (No. 100) 3

75 ym (No. 200)
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Table 4
Chemical and Physical Properties

of Fly Ash, AD-474

Chemical Properties

Percent
$i0y + Al03 + Fe,04 87.8
1 Mg0 1.4
~_ 503 0.1
Available alkalies, as Naj0 0.8
Moisture content 0.4
Ignition loss 3.8

Physical Properties

Fineness, air permeability, cm?/g 6690

Specific gravity 2.18

Lime pozzolan strength, psi (MPa), 7 days 1265 (8.72)
Autoclave expansion, percent -0.02
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Table 5
Physical Properties and Gradings of Natural

Fine and Coarse Aggregates, Morganza Control Structure

No. 4 to 1 in.

Fine (4.75 to 25.0 mm)
Test (NO-14 S-2) (NO-14 G-8)
Bulk specific gravity,
saturated surface-dry 2.64 2.52
Absorption, % 0.3 2,1

Cumulative Percent Passing

Sieve size

38.1 mm (1-1/2 in.) 100
25.0 mm (1 in.) 96
19.0 mm (3/4 in.) 74
12.5 mm (1/2 in.) 29
9.5 mm (3/8 in.) 100 17
4.75 mm (No. 4) 97 1
2.36 mm (No. 8) 86
1.18 mm (No. 16) 75
600 mm (No. 30) 59
300 mm (No. 50) 11
150 mm (No. 100) 0

75 mm (No. 200)
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Table 6

Chemical and Physical Properties

of Portland Cement, STL-43 C-1

Chemical Properties

8i05

Al703

Fep03

Ca0

MgO

503

Ignition loss
Insoluble residue
Na0

K70

Total alkali, as Naj0
C3S

CpS

C3A

CyAF

Physical Properties

Fineness, air permeability, cmZ/g

Compressive strength, psi (MPa)
3 days
7 days

Autoclave expansion, percent
Initial setting time, hr/min
Fipal setting time, hr/min

Percent

22,
4.

W

COOO - =W
—
w

N
w0~y
« & .

w

11.

3700

2200 (15.2)
3550 (24.5)

-0.01
2:50
5:30
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Table 12

Relative Pumpability of Laboratory and

Field Mixtures Based on the Checklist Analysis

Mixture Pumped Checklist Analysis
No. Successfully Not Good _7 0K
Laboratory Pump No. 1
1 No X
4 No X
5 Yes X
7 Yes X
11 With difficulty X
12 No X
13 Yes X
14 Yes X

Laboratory Pump No., 2

2 Yes X
3 Yes X
6 Yes X
8 Yes X
9 Yes X
10 Yes X
13 Yes X
Field Pump No. 1
Yes X
Field Pump No. 2
Yes X
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